Despite suggestions that emotions influence recovery from injury, there is little research into the emotional sequelae of mild traumatic brain injury (MTBI), or "concussion," in sport. This examination compares emotional functioning of college athletes with MTBI to that of uninjured teammates and undergraduates. A short version of the Profile of Mood States (POMS; Grove & Prapavessis, 1992 ) assessed baseline emotions in all groups, and serial emotional functioning in the MTBI and undergraduate groups. Whereas preinjury profiles were similar across groups, the MTBI group showed a significant postinjury spike in depression, confusion, and total mood disturbance that was not seen for the other groups. The elevated mood disturbances subsided within 3 weeks postinjury. Given that concussed athletes were highly motivated to return to play, these data could be used as a benchmark of normal emotional recovery from MTBI. Findings are discussed in relation to current literature on emotional reaction to injury and directions for future research.
Athletes' reactions to sport related injuries extend beyond the obvious physical responses. After initial cognitive appraisal of the injury and its circumstances, athletes can experience significant emotional distress (Brewer, Linder, & Phelps, 1995; Daly, Brewer, Van Raalte, Petitpas, & Sklar, 1995; Mainwaring, 1999; Morrey, Stuart, Smith, & Wiese-Bjornstal, 1999) . Signs of such distress can include frustration, depression, tension, confusion, and anger (Brewer, 2001; Johnston & Carroll, 1998; Leddy, Lamber, & Ogles, 1994; Quinn & Fallon, 1999; Smith, Scott, O'Fallon, & Young, 1990; Udry, Gould, Bridges, & Beck, 1997) . Athletes have also reported transient increases in fatigue and general mood disturbance; these ratings have been observed to subside as vigor ratings increase during recovery (Leddy et al., 1994; Quinn & Fallon, 1999; Smith et al., 1990) . Various situational and psychosocial variables affect the emotional response to injury and the recovery process. For instance, athletes with severe and/or longlasting injuries reported greater mood disturbance than athletes with less severe injuries (Grove, Stewart, & Gordon, 1990; Johnston & Carroll. 1998; McDonald & Hardy, 1990; Pearson & Jones, 1992; Quackenbush & Crossman, 1994; Smith et al., 1990; Smith, Stuart, Wiese-Bjornstal, et al., 1993) or those of shorter duration (McDonald & Hardy, 1990; Smith et al., 1990) . Greater mood disturbance was also observed for athletes who received little information about the injury and/or the recovery process (Johnston & Carroll, 1998; Mainwaring, 1999) . Other factors that can mediate emotional response and recovery include the time of season that athletes are injured as well as their injury history, recovery progress (McDonald & Hardy, 1990; Smith, Sim, Smith, Stuart, & Laskowski, 1998) , general level of activity disruption (Crossman & Jamieson, 1985; Johnston & Carroll, 1998; Mainwaring, 1999) , and their perceived social support Green & Weinberg, 2001 , Quinn, 1996 Udry, 1997) .
Most investigations of the emotional response to and recovery from sport injury have been limited to musculoskeletal injuries. Studies have typically focused on two injury groups: one with a range of injuries and severity levels, the other with anterior cruciate ligament (ACL) injuries only. No other single injury has been the focus of such research. Moreover, no sample has included strictly non-musculoskeletal injuries such as brain injury.
Concussion, more formally termed mild traumatic brain injury (MTBI), is a common sport injury for which the emotional sequelae remains largely unexplored. MTBI is the result of rapid acceleration/ deceleration forces exerted on the brain. It is broadly defined as a trauma-induced alteration of mental status that may or may not involve a loss of consciousness, and is often accompanied by confusion and amnesia (Kelly & Rosenberg, 1997) . Constellations of persisting symptoms are associated with MTBI and these may include various physical, cognitive, and emotional components.
Physical symptoms include sleep disturbance, fatigue, headaches, dizziness, nausea, sensitivity to noise, lack of focus, blurred or double vision, and sensitivity to light (Bernstein, 1999; Karzmark, Hall, & Englander, 1995; King, 1996 King, , 1997 King, Crawford, Wenden, Caldwell, & Wade, 1999; Satz, Alfano, Light, et al., 1999) . Cognitive symptoms can include impairments to attention/concentration, speed of information processing, memory, and multi-tasking abilities (Dupuis, Johnston, Lavoie, Lepore, & Lassonde, 2000; Gasquoine, 1997; Hugenholtz, Stuss, Stethem, & Richard, 1988) , and emotional symptoms can include irritability, anger, anxiety, and depression (Bohnen, Twijnstra, & Jolles, 1992; Hugenholtz et al., 1988; Morton & Wehman, 1995; Ponsford, Willmott, Rothwell, et al., 2000) .
MTBI is likely under-diagnosed and under-appreciated in the sport community. Its "invisible" symptoms (Gordon, Brown, Sliwinski, et al., 1998) are nonspecific to brain injury (Chan, 2001; Gouvier, Uddo-Crane, & Brown, 1988) , frequently unrecognized by athletes (Delaney, Lacroix, Gagne, & Antoniou, 2001) , and difficult to document without a standardized, sensitive diagnostic test (Comper, Bisschop, Mainwaring, et al., 2002) . Possibly more troubling than the problems of identification is the individual athlete's eagerness to continue playing when injured and the social context of sport that promotes a "culture of risk" (Frey, 1991) a social environment which promotes a belief that, short of dramatic and debilitating injury, an athlete should play through the pain and discomfort of injury. These variables can influence an athlete to downplay or conceal symptoms and encourage a rapid return to competition after injury (Frey, 1991; Nixon, 1992) , despite the risks of re-injury after a premature return to competition.
More researchers focus on the emotional sequelae of severe, rather than mild, TBI. The few researchers to address MTBI have looked at acute and/or short-term emotional response to MTBI, and these studies have found evidence of post-trauma emotional disturbance (e.g., Dikmen, McLean, & Temkin, 1986; Levin, Mattis, Ruff, et al., 1987; Paniak, Reynolds, Toller-Lobe, et al., 2002) . Gasquoine (1997) reported that emotional distress is also evident in patients with severe brain injury and back injury, and that it reflects a psychological interpretation of the trauma's effects. Others have suggested that emotional stress is associated with post-TBI cognitive complaints (Gass & Apple, 1997) and cognitive impairments (Bohnen et al., 1992; Hugenholtz et al., 1988; Morton & Wehman, 1995; Ponsford et al., 2000) .
All the above studies lacked preinjury measures of individual characteristics-emotional or cognitive-and thus were unable to provide a baseline against which to compare postinjury functioning. Indeed, few researchers have included preinjury mood assessments. Without such preinjury measures of emotional status, it is not possible to directly assess injury-induced emotional disruption, either empirically or clinically. The few studies to include pre-and postinjury emotional states in athletes reported that emotional distress, notably depression, is likely a result of the injury (Leddy et al., 1994; Miller, 1998; Roh, Newcomer, Perna, & Etzel, 1998; Smith et al., 1993) . None of these studies addressed MTBI specifically.
The present study adds to previous research into the emotional responses to sports injuries by examining a non-musculoskeletal injury, namely MTBI. It also extends previous research in the field of emotion and traumatic brain injury by examining emotional response to mild TBI, as opposed to moderate or severe TBI, and by examining the recovery of emotional functioning through prospective, serial measurements.
A comparison of pre-and postconcussion emotional profiles of athletes to the emotional profiles of a healthy functioning comparison group could have valuable cross-disciplinary theoretical and practical significance. It could highlight important emotional changes that result from brain injury, as well as point to differential patterns of recovery. The data also could serve as a benchmark of emotional recovery from brain injury in that the athletes, typically highly motivated to return to play, had no obvious secondary gain (e.g., monetary) that might have encouraged exaggeration of emotional symptoms. To that end, we looked at the effects of MTBI on the longitudinal mood profiles of varsity athletes. Two hypotheses were examined: (a) There are no group differences in preseason emotional status among concussed athletes, their nonconcussed teammates, and healthy athletic comparisons; (b) Following concussion, the emotional functioning of athletes declines.
Method

Participants
Participants in this study were three groups of students from the University of Toronto: Concussed athletes, uninjured teammates of concussed athletes, and healthy, physically active undergraduates.
Concussed Athletes (Conc) . After physician diagnosis of concussion, Conc athletes agreed to participate in a series of voluntary postconcussion assessments.
Fifteen of them were not included in statistical analysis due to lacking either preinjury measures of emotional functioning or failure to complete at least three postinjury assessments. The remaining 16 concussed athletes (12 M, 4 F) completed both a baseline (preseason) assessment and three postconcussion sessions and were included in all analyses.
Uninjured Teammates of Concussed Athletes (Cohort) . The Cohort group consisted of uninjured athletes from the 10 teams of which at least one team member had sustained a concussion: Basketball (17 M, 18 F); Football (85 M); Hockey (26 M, 24 F), Lacrosse (28 F), Mountain Bike (34 M, 12 F), and Rugby (49 M, 32 F). This group (211 M, 114 F) served as one of two comparator groups for the Conc group for baseline emotional functioning: Hypothesis 2 states that postinjury emotional functioning in the Conc group would not be attributable to preinjury emotional functioning. To address this hypothesis, baseline emotional functioning in the Conc group was compared to baseline emotional functioning in the Cohort and Control groups.
Healthy, Physically Active Undergraduates (Control). Control participants (8 M, 20 F) volunteered from interuniversity sports teams and from an undergraduate physical education program. The purpose of this group was to determine whether differences in emotional functioning occurred over time relative to the concussed group, and in particular whether there were premorbid differences between the groups.
Design and Procedure
Baseline mood state for each athlete was measured during a 60-minute preseason medical and neuropsychological assessment. Subsequent to concussion, injured athletes were recruited to complete a series of repeated assessments during the following 4 weeks. Recovery is most rapid during this period (Barth, Alves, Ryan, et al., 1989; Hinton-Bayre, Geffen, & McFarland, 1997; Macciocchi, Barth, Alves, Rimel, & Jane, 1996; Maroon, Lovell, Norwig, et al., 2000) .
In order to accommodate travel schedules and weekend games, the protocol aimed to test the athletes within 72 hours of MTBI. The average delay between MTBI and the first follow-up was 3.56 days (SD = 2.16, Range 1-9 days). Days between successive assessments, the test-retest interval, are presented in Table 1 . The Control group was established to examine the typical emotional fluctuations of uninjured athletes over the course of a similar testing schedule. Most sessions for Control were conducted between January and March of 2000, with test-retest intervals as outlined in Table 1 . As can be seen, the interval between initial baseline session and second test session was significantly longer for the Conc group than for the Control. This is indicative of the long delay between preseason assessment and subsequent concussion.
A matched Cohort control group was deliberately avoided because exposing a subset of Cohort athletes to serial assessment would have jeopardized our ability to provide meaningful clinical assessments if these athletes sustained subsequent concussion (cf. Hinton-Bayre, Geffen, Geffen, MacFarland, & Friis, 1999) . In addition to precluding meaningful clinical analysis, repeated exposures to test materials would have forced the exclusion of these athletes from the Conc research group should they have sustained concussion (cf. Hinton-Bayre et al., 1999) .
Measures
Participants completed a demographic questionnaire that assessed background information including age, sex, height, weight, and previous concussion history (up to a maximum of five previous concussions).
Mood Disturbance
Pre-and postinjury emotional responses were assessed with the short version of the Profile of Mood States (POMS; Grove & Prapavessis, 1992) . The short POMS consists of 40 adjectives (e.g., unhappy, blue) organized into seven subscales: (1) tension, (2) depression, (3) anger, (4) vigor, (5) fatigue, (6) confusion, and (7) self-esteem. When asked to indicate how they feel "right now," participants rated each adjective on a 5-point Likert scale from 0 = not at all to 4 = extremely. Total mood disturbance was calculated by subtracting positive mood scores (vigor and self-esteem) from the sum of negative mood scores and then adding a constant of 100 (Grove & Prapavessis, 1992 ). Cronbach's alphas for the subscales, reported by Grove and Prapavessis, range from .664 to .954 with a mean of .798.
Statistical Analysis
Descriptive statistics (means, standard deviations) were calculated for the mood scales. Scale reliabilities were assessed with Cronbach alphas. The null hypothesis of no preseason differences in mood among the three groups was tested with univariate analysis of variance (ANOVA). Differences between the Conc group and the comparison group on each POMS subscale were examined with a series of 2 ϫ 4 (Group ϫ Session) ANOVAs. Significant Group ϫ Session interactions were taken to reflect group differences in longitudinal mood profiles, which were then tested for specific mood differences across sessions. A Bonferroni correction for multiple comparisons was employed to reduce Type I error. If moods were different across sessions for a particular group, polynomial trend analysis was used to examine curvilinear relationships between mood ratings. Since we were interested only in differential response between groups (i.e., Group ϫ Session interaction), main effects are not reported. Estimates of effect size are reported as partial etasquared (η p 2 ), which can be considered the proportion of variance in the dependent variable that is explained by differences among groups regardless of group size. 
Results Demographics
Physical characteristics and concussion histories of the three groups are listed in Table 2 . The mean age for all groups was 21.17 years (SD = 2.94; range 17.45-36.97) with no differences between groups, p < .05. The physical characteristics of the groups were analyzed with ANOVA and Bonferroni corrected comparisons. There was a significant 30-lb difference between both athlete groups and the comparison group. The comparison group was also 2.5-4.0 in. shorter than the uninjured and concussed athletes, respectively. These differences are likely the result of a disproportionate number of women in the comparison groups vs. the athlete groups. Despite the sex differentiation between groups, there were no group differences in self-reported concussion history. The original 31 volunteer athletes who were assessed postconcussion comprised 6% of all athletes deemed to be at risk for concussion.
Preliminary Data Analysis
In order to examine subscale reliabilities with the sample under study, we calculated Cronbach's alpha coefficients (Cronbach, 1951) for each POMS shortform mood subscale at each of four assessment sessions. Reliabilities exceeded the recommended .70 (Nunnally, 1978) , with a few exceptions. Session 3 Anger ratings yielded a reliability of .66 for Conc and .34 for Control; Confusion reliabilities were .66 and .61 at Sessions 1 and 3, respectively. Self-esteem ratings were consistently below .70, except for Session 4. In general, these scale reliabilities are consistent with previous reports. When collapsed across groups at each of the four sessions, all subscales exceeded .70 except Self-Esteem at each session (range = .42-.66), Confusion at baseline (.69), and Anger at Session 3 (.59).
Baseline (Session 1) POMS ratings for the three groups are shown in Table  3 . ANOVA revealed no differences among the groups at baseline. This supports our contention that postinjury patterns of performance in the Conc group cannot be accounted for by preinjury performance.
Serial Mood Assessment
Group ϫ Session Interactions. A series of 2 ϫ 4 ANOVAs, summarized in Table 4 , were conducted to test the hypothesis that Conc group mood scores would Table 4 . Analysis of Conc group ratings revealed that mood ratings changed significantly across the four sessions for the subscales of Depression, F(3, 45) = 4.90, p = .005, η p 2 = .246; Confusion, F(3, 45) = 4.76, p = .006, η p 2 = .241; and Total Mood Disturbance, F(3, 45) = 6.20, p = .001, η p 2 = .292. Similar simple effects were absent in the analysis of Control group ratings. Therefore, these results suggest the presence of postconcussion mood disturbance and thus support our second hypothesis.
Trend Analysis. Polynomial contrasts to model mood changes over time are summarized in Table 4 . Depression ratings followed a significant quadratic trend, F(1, 15) = 6.97, p = .019, η p 2 = .317, and a nearly significant cubic trend, p = .056. The quadratic trend reflected a pronounced postinjury (Session 2) spike in Depression ratings followed by a gradual decline to baseline (Figure 1 ). Confusion ratings also showed a postinjury elevation with significant quadratic, F(1, 15) = 6.73, p = .020, η p 2 = .310, and cubic trends, F(1, 15) = 4.60, p = .049, η p 2 = .235 ( Figure 2 ). Total Mood Disturbance ratings spiked postconcussion as well, contributing to the significant quadratic trend, F(1, 15) = 11.72, p = .004, η p 2 = .439 (Figure 3 ). Therefore these results indicate a nonlinear rate of recovery.
Discussion
To extend the research findings on emotional reactions to and recovery from sport injury, we examined reactions to MTBI through prospective serial assessments of athletes. We hypothesized that there would be an emotional disturbance post-MTBI and that it would not be attributable to premorbid functioning. Both hypotheses were supported. The lack of baseline mood differences among the concussed group, their uninjured teammates, and the group of athletic undergraduates supports the findings that postinjury mood disturbances are not predicted by preinjury mood disturbance (Leddy et al., 1994; Smith et al., 1993) . Preinjury POMS performance was not a risk factor for concussion in this study, therefore clinicians are urged to exercise caution before attributing postconcussion symptoms to preexisting emotional disturbance (Cicerone & Kalmar, 1997) .
Our second hypothesis aimed to explore mood profiles of concussed athletes and healthy student athletes in a 3-week assessment window. Analysis revealed a significant acute postconcussion spike for POMS ratings of Depression, Confusion, and the aggregate Total Mood Disturbance at Session 2. The increases were transient and appeared to resolve early in the 3rd week postinjury. In general, these results support the causal link suspected between sports injury and subsequent emotional distress (Brewer, Van Raalte, Cornelius, et al., 2000; Chan & Grossman, 1988; Chute, 1997; McDonald & Hardy, 1990; Morrey et al., 1999; Pearson & Jones, 1992; Smith et al., 1990; 1993) . More specifically, the data represent the first documentation of serial mood disturbance subsequent to sports concussion.
Although postconcussion depression is consistent with the reported depression following other types of sports injuries (Brewer, 2001; Morrey et al., 1999; Quinn & Fallon, 1999) , it is inconsistent with a recent study by Paniak et al. (2002) who found no difference in depression between MTBI and uninjured control groups. It seems, then, that it may not be the injury per se that precipitates increased depression, but rather the removal from athletic competition or the cessation of activity, as suggested by Chan and Grossman (1988) . To address this point, we compared the Conc group's mean days out of competition with the changes in their POMS ratings. We found that they were out of competition for an average of nearly 25 days and returned to play almost 10 days after Session 4. The data indicate that Confusion and Total Mood Disturbance ratings had returned to preseason levels by Session 4, and that heightened Depression ratings had abated even earlier, by Session 3 (on average, the 7th day postconcussion).
The normalization of mood a full 10 days before return to play indicates that injury-induced mood disturbance stabilizes to preseason levels before athletes return to competition. It is possible that they respond to removal from competition with acute mood disturbance and then cope with being on the sideline, leading to a gradual return to stable mood. Chan and Grossman's (1988) work suggests that postinjury depression is a result of removal from play. However, in the case of MTBI in athletes, elevated depression, for example, may not be due to removal from play or from appraising the injury and situation as negative, as cognitive-appraisal sport injury models suggest. Instead, depression may be a consequence of transient biochemical disturbance following brain insult (Giza & Hovda, 2000; Wojtys, Hovda, Landry, et al., 1999) . Similarly, organic causes may also contribute to, even facilitate, other psychological and emotional reactions seen postconcussion.
Hovda and colleagues (Hovda, Becker, Katayama, 1992; Hovda, Prins, Becker, et al., 1998) have suggested that brain trauma temporarily impairs normal neuronal metabolism. Neurons damaged by trauma are rendered dysfunctional through a metabolic cascade of neurotransmitters. The dysfunctional cells are then unable to respond to normal physiologic and pathophysiologic challenges. The net result could be neurological deficits that lead to disruption of normal emotional and cognitive functioning. Our research design does not allow us to rule out postinjury mood disturbance immediately postconcussion related to withdrawal from competition or physical activity, but our data suggest that the depression may be a result of the injury rather than the removal from play. This question deserves to be addressed more fully in future studies.
Another important consideration in the interpretation of postconcussion mood changes is the time of year when the athlete is injured. We collected data from all participants between the months of August and March. Whereas the majority (69%) of Conc participants were assessed in the fall (Aug.-Dec.), most Control students (89%) were tested in the winter (Jan.-March). This would presumably increase the likelihood that their mood ratings could be mediated by seasonal effects such as Seasonal Affective Disorder, which could contribute to increased Depression ratings in the Control group. If Depression ratings in the Control group were even slightly increased due to the time of year, that should have made it more difficult to detect any increase in postconcussion Depression in the Conc group, yet the Depression ratings of the Conc were significantly higher than those for the Control. This finding suggests that the changes in depression ratings we observed subsequent to sport concussion were related to the injury and may even represent an underestimation of true depression differences between groups.
The high postconcussion confusion is consistent with the findings of Paniak et al. (2002) as well as some sport injury research (Chan & Grossman, 1988; McDonald & Hardy, 1990) . However, Smith et al. (1993) failed to find significant elevations in confusion postinjury, and Roh et al. (1988) reported less confusion in mild to moderately injured athletes vs. college norms as measured by the POMS. Some researchers attribute postinjury confusion reported by athletes with musculoskeletal injuries to the athletes' uncertainty about the "injury diagnosis and/or rehabilitation process" (Quinn & Fallon, 1999) , or to insufficient information exchange during rehabilitation (Mainwaring, 1999) . However, brain injury researchers often ascribe the post-MTBI confusion to symptoms believed to reflect impaired cognitive functioning. For example, Paniak et al. (2002) reported that symptoms which included "doing things slowly"; "difficulty thinking clearly"; "poor concentration"; "difficulty planning"; and "forgetfulness" best differentiated MTBI and control groups.
Preliminary analysis of our concurrently collected neurocognitive data supports such previous work in that it appears there are deficits of attention, reaction time, and information processing shortly following concussion. Therefore, in addition to the general lack of injury related information and the exclusion from physical activity, the cognitive effects of concussion may compound confusion in athletes as they become aware of deficits in their daily cognitive functioning. Future research that compares an orthopedic control group to a concussed group might perhaps clarify the present finding of postinjury confusion in concussed athletes.
Unlike previous research into musculoskeletal injuries, anger and tension ratings did not increase relative to preinjury levels in concussed athletes. It is possible that our measure was not sensitive enough to detect heightened tension and anger in this group. Another possibility is that the variability in the data could have concealed the effects. The Conc group within-subjects variability for Anger ratings was more than double that of the comparison group at Session 2. However, the variability in the Conc athletes' Depression and Confusion ratings was also twice that of the Control group. The large variability suggests the existence of subgroups of anger responders in the population: those with marked anger responses and those with diminished responses. Unfortunately, the small sample sizes precluded an examination of such subgroups.
Concussed athletes also reported increased fatigue and reduced vigor compared to preinjury levels. However, these changes were not significantly different from the comparison group. The inability of POMS fatigue ratings to discriminate between groups opposes the results of Paniak et al. (2002) , though they used different measures and a different comparison population. Our comparison group consisted of student athletes who were active both physically and academically throughout the testing period. Their everyday stressors may have contributed to their fatigue levels, but our design did not allow us to examine this question. The use of a serially tested matched Cohort could address this issue and is recommended for future research-with the caution that such a design would be in the pursuit of specific questions related to emotional recovery, not necessarily related to neurocognitive recovery, because of the clinical concerns mentioned previously.
Meanwhile, in the present study, as trends in fatigue increased, the vigor ratings of concussed and comparison groups declined steadily from baseline highsexcept for the slight elevation in the Conc group at Session 4. Quinn and Fallon (1999) also reported a decline in postinjury vigor. In their study, by the time recovery was complete (a range of 4 to 99 weeks), the ratings for vigor had risen. Thus our data support the finding that vigor decreases postinjury, but the reduction in vigor in the comparison group suggests that life events other than injury for student athletes influence the level of vigor. Again, our research design did not allow us to discern the variance accounted for by injury from that of academic life in general. A serially tested matched Cohort design would allow examination of this.
The increase in Total Mood Disturbance seen in the concussed sample confirms clinical observations and adds to the evidence of a generalized disruption in postinjury emotional function in athletes with musculoskeletal injuries McDonald & Hardy, 1990; Pearson & Jones, 1992; Smith et al., 1990) . These results illustrate that sports injury is often followed immediately by transient mood disruptions: negative moods are elevated and positive moods are diminished.
Short-term (< 1 month) emotional profiles following MTBI injury are not often discussed in the literature. This is the first study to present evidence of the acute and short-term recovery course of specific mood disruptions using both college athletes with MTBI and a healthy athletic undergraduate comparison group. Specifically, we witnessed a transient increase in depression and confusion that extended into the 2nd and 3rd weeks postconcussion. Since athletes are typically highly motivated to return to play, and their cases are not complicated with compensation or insurance claims, the emotional profiles documented here could be used for comparison with other MTBI patients.
Our study was limited to emotional reactions to mild traumatic brain injury. Previous studies assessed emotional reactions of athletes having different injuries across a range of severity. Those results were nonspecific and leave us unable to discern differential reactions across injury type or severity. The unstated result is that emotional response is similar under all conditions. This may not be the case, as our results suggest.
Conclusions
This study assessed emotional functioning in athletes with MTBI prospectively and serially with a preseason assessment serving as a premorbid baseline. We conclude that concussed athletes were not emotionally different from their peers before injury, but they were more depressed and confused than their noninjured peers after sustaining MTBI. The emotional disruption is similar to, but not necessarily the same as, that associated with athletes who suffer musculoskeletal injury. The similarity between reactions may not be due to injury per se; rather, it could be due to other factors such as the impact of injury, removal from play, or both. Further research is required to tease this apart. Nonetheless, it appears that type of injury is an important factor to consider when examining emotional recovery from sport injury, at least at the level of brain vs. musculoskeletal injury.
Unlike other studies, we did not identify significant increases in tension, anger, and fatigue, nor significant decreases in vigor postinjury. Inconsistencies between our results and those of other sport injury studies may be due to the different mood assessment tools used across studies (e.g., varied POMS, ERAIQ, and qualitative interviews), 1 the heterogeneous samples of injury type across and within studies, or the lack of sensitivity to injury-induced variability in the data analysis. Brewer has stated that "Emotional responses to injury are highly variable both across individuals and over time" (2001, p. 13) . Situational variables such as type of injury, time of injury during the year, playing season, and other contextual factors are important to consider when interpreting research findings on psychological recovery from sports injury (Brewer, 2001; Johnston & Carroll, 1998) .
As empirical studies of recovery from sports injury proceed, psychological reactions and associated mechanisms of injury continue to be distilled with improved research designs, more sophisticated data analysis, and more refined research questions. These refinements can facilitate a clearer understanding of psychological recovery from sports injury to guide and enhance clinical management of all types of injury, in particular short-term MTBI.
